Abstract:
Introduction:
1 Wound healing is a complicated biological process involving numerous physiological 2 factors. To accelerate the healing process, wound dressings have been used since 3 ancient times [1] . Modern dressings must both provide basic protection for the wound 4 site and also accelerate the healing process [2, 3] . Various materials have been reported 5 in the literature in attempts to achieve the latter, including foams, films, hydrocolloids, 6 hydrogels, and hydrofibers (inter alia) [4] [5] [6] [7] [8] . Electrospun fibers have attracted much 7 attention in this regard, and have a number of potential advantages as wound dressing 8 materials.
9
Electrospinning is a simple and effective method for producing fibers with 10 diameters ranging from tens of nanometers to micrometers. The materials fabricated by 11 this route not only have high porosity and surface area-to-volume ratios (with the 12 possibilities of tuning both), but also resemble the morphological structure of the extra-13 cellular matrix (ECM) and generally have good biocompatibility [9] [10] [11] . As a result of 14 these characteristics, they have hemostatic properties, and are absorbable and semi-15 permeable, giving great promise as wound dressing materials [12] . Furthermore, 16 various functional ingredients can easily be incorporated into fibers via electrospinning 17 [1] . This could yield multi-functional wound healing materials.
18
To date, a number of polymers have been used to fabricate electrospun wound 19 dressings, including gelatin, collagen, chitosan, poly(vinyl alcohol), poly(ε-20 caprolactone) (PCL), and poly(L-lactic acid) [3, [13] [14] [15] [16] . Of particular interest is poly(l-21 lactic acid-co-ɛ-caprolactone) (PLCL), a copolymer of L-lactic acid and ε-caprolactone 22 which has outstanding mechanical properties, biocompatibility and degradability [17] .
23
The use of electrospun PLCL scaffolds has been widely investigated in tissue 24 regeneration [18, 19] ), but has attracted much less attention in the context of wound 25 dressing materials.
26
Beyond these simple systems, more complex stimuli-responsive polymers have being hydrophilic to hydrophobic [32] [33] [34] . It has been intensively studied for potential 5 applications in biomedicine [35] [36] [37] [38] , and has also been electrospun successfully [33, 39, 6 40]. Moreover, it has been found that thermosensitive materials like PNIPAAm can 7 effectively control cell adhesion and detachment through variation in the temperature 8 [41]. The strength of interactions between the polymer and cells is generally increased 9 above the LCST, and thus if a polymer has an LCST a little below the human body 10 temperature a low-temperature treatment can be applied to reduce attractions between 11 the polymer and cells [42] . This could in turn reduce secondary injuries caused when a 12 dressing is removed from a wound. by electrospinning, and we hypothesized that preparing similar systems in the form of 22 electrospun fibers would result in a number of advantageous properties.
23
The work described in this paper forms part of a programme of research aiming to 24 prepare wound dressings from electrospun fibers. We focus on blend materials N-isopropylacrylamide (NIPAAm) was purchased from Japan TCI (Japan).
11
Ciprofloxacin (CIF, purity ≥ 98%), phosphate-buffered saline (PBS), sodium azide, 12 penicillin, trypsin and thiazolyl blue (MTT) were procured from Sigma-Aldrich Ltd.
13
(USA). Azobisisobutyronitrile (AIBN), anhydrous ethanol, acetone, formaldehyde and 14 n-hexane were obtained from the Sinopharm Chemical Reagent Co., Ltd (China).
15
Poly(l-lactic acid-co-ε-caprolactone) (PLCL, 50:50; Mw = 34.5×10 4 g/mol) was 16 provided by Nara Medical University (Japan). PNIPAAm to PLCL were 1:1 or 1:2 (w/w), and the total concentration of polymer was 13 10 % (w/v). Solutions of PLCL alone (10 % w/v in HFIP) were also prepared as controls.
14
The antibiotic CIF was added into the solutions at a drug to polymer ratio of 1:10 (w/w)
15
[49]. Full details of the solutions prepared are listed in Table 1 . 
10
The concentration of CIF was measured using a UV-vis spectrometer (UV-1800, SHJH
11
Company, China) at a wavelength of 269 nm. All the release studies were performed in 12 triplicate, and the results are given as mean ± S.D. Antibacterial activities of the fibers were studied using the disc diffusion method were cut into circular discs 2 cm in diameter and sterilized by 75 % alcohol steam for 26 24 h. 100 μL of the bacterial suspension being studied was added to an agar plate in a
27
Petri dish (of diameter 9.8 cm), and then the fiber discs were placed on the surface of 28 the agar plate. All the dishes were incubated at 37 ºC for 12 h, after which the inhibition 29 zones were then measured. Zones are reported as the diameter of the inhibition circle were used as a control group. There were seven rats in each group. where St and S0 are the wound areas on the specified day and operation day, respectively. were determined at least in triplicate and are expressed as mean ± standard deviation 5 (SD). Statistical differences were determined by one-way ANOVA, with differences at 6 p < 0.05 considered significant. The successful synthesis of PNIPAAm was verified by 1 H NMR (Fig. S1 ). The NMR 12 spectrum of the polymer shows no signals attributable to methylene protons (see Fig.   13 S1(a)), whereas in that of the monomer (NIPAAm, Fig. S1(b) ) vinyl peaks at ca. Selected FITR spectra are presented in Fig. 2(b (which form the majority of the fiber mass). However, it can be seen that the peak at 18 1635 cm -1 is enhanced in S4 compared to the drug-free S1. This may be attributed to to form intramolecular hydrogen bonds, leading to a collapsed globular conformation.
7
As a result, water molecules find it difficult to interact with the C=O and N-H groups, Prior to exploring the the antibacterial properties of the fibers, the MICs of CIF were 12 determined and found to be 12.5 μg/mL and 25 μg/mL against E. coli and S. aureus, 13 respectively. As expected, CIF is high effective as an antibacterial agent.
14
The inhibition zone diameters of all the fiber samples are presented in Table 2, with   15 representative images for S1 and S4 in Fig. 3 . The inhibition zones of all the CIF-loaded is not a property of the incorporated antibiotic, but rather of the fibers themselves.
11
The results of MTT assays are depicted in Fig. 4 The macroscopic wound healing effects of S4, S5 and S6 were compared with a Among the three fiber groups, the S4 and S5 mats were found to be easier to remove 8 after treatment with cold saline, and they also have smaller wound areas than S6. At the 9 end of the observation period (21 days), the scabs had largely healed and most of the has no such properties). 
15
After 5 days, the wound areas of all the samples were essentially the same. Subsequently, days, S4 (6.50 ± 3.14 %) and S5 (7.71 ± 3.32 %) showed lower areas than S6 (14.36 ± in Fig. 6 . With the group treated by the CIF-soaked gauze (Fig. 6(a) ), the epidermis is 10 thinner and more irregular than that with the groups treated using fiber dressings ( Fig.   11 6(b)-(d)). The epidermis of the S6 group (Fig. 6(d) ) is more regular than that of the 12 gauze group, but the wounds covered by S4 (Fig. 6(b) ) and S5 (Fig. 6(c) ) showed the 13 best healing results. The continuity and regularity of the epidermis in these two groups 14 is the closet to normal skin (Fig. 6(e) ). Moreover, the basal cells of rats treated with S4 15 and S5 (marked by white arrows) exhibit more uniform shapes and more regular 
Conclusions

10
In this study, thermosensitive poly(N-isopropylacrylamide) (PNIPAAm) was blended 11 with (poly(l-lactic acid-co-ɛ-caprolactone)) (PLCL) and processed into fibers by 12 electrospinning. The antibiotic ciprofloxacin (CIF) was also incorporated into the 
26
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